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Leuenburger (1), discussing the etiology of aniline cancer of the bladder, was 
the first to draw attention to the fact that only those aromatic substances which 
contain amino groups were capable of producing this type of carcinoma. He 
concluded that it is essentially the aromatic amino group which is responsible 
for the carcinogenic activity. The concept of the specificity of the aromatic 
amino group was based not only on clinical observations, but also on certain 
experimental results. Fischer (2) had examined the influence of various aromatic 
amines and azo-dyes containing amino groups, such as scarlet red and butter 
yellow, upon the skin of rabbits and had observed that within a few weeks, cer-
tain of these substances produced extensive atypical proliferation of the epi-
dermis. Most active were those substances known to be etiologically involved 
in human aniline carcinoma of the bladder. Later, similar proliferations could 
be produced not only on the skin of rabbits, but also on the mucosa of the tongue, 
stomach, gall-bladder, mammary glands and on the backs of dogs, white mice 
and human beings. The important question whether the proliferations were 
produced by a specific affinity of these chemicals to the body cells remained un-
answered since a great number of various substances other than aromatic amines, 
like indole, skatole, olive oil or insoluble foreign bodies such as talcum, produced 
somewhat similar reactions. 
Although the goal of these experiments was to induce malignant growths, most 
investigators were unable to produce carcinoma, and all skin changes obtained 
by the injection of the various compounds were benign, well localized papilloma 
which regressed spontaneously and did not become neoplastic when the injections 
were stopped. 
In 1918, however, Yamagiwa and Ohno (3) obtained malignant tumors in the 
hen's oviduct after injecting scarlet red. In 1935, Sasaki and Yoshida (4) were 
able to produce carcinoma of the liver in rats fed with butter yellow and a special 
diet, and soon thereafter, Hueper (5, 6, 7) produced "aniline bladder carcinoma" 
in female dogs with ~-naphthylamine and related substances. 
THE ANTIGENICITY OF AROMATIC AMINES 
A study of the list of compounds, aromatic amines as well as azo-dyes, capable 
of producing atypical epithelial proliferations or cancer, reveals that these sub-
stances are also very strong sensitizers of the skin and that the sensitization pro-
duced by them is characterized by marked cross-sensitization between aromatic 
amines and certain azo-dyes. 
*Condensed from a post-graduate lecture presented at the University of Minnesota, 
Minneapolis, Minnesota May 24th, 1947. 
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The antigenicity of these compounds is dependent upon certain chemical 
transformations. Paraphenylenediamine and scarlet red, for example, the most 
prominent representatives of this group, are only "indirect" antigens in spite of 
their extraordinarily high sensitizing power. As a result of a series of experi-
ments (Mayer (8, 9) ), the conclusion could be drawn that these substances do 
not sensitize or elicit allergic manifestations in sensitized persons in their original 
form, but rather required more or less profound metabolic transformation in or 
on the body cells before they become "direct", immediately active antigens. 
In the case of aromatic amines such as paraphenylenediamine and related 
compounds, such transformations are relatively simple, consisting in oxidations 
which occur after absorption in the animal body, and which give rise to quinone 
diimines, quinone imines, etc. The metabolic transformation products are much 
stronger sensitizers than the original amines. The metabolic transformations of 
azo-dyes are more complicated; in the first step scarlet red or butter yellow, for 
instance, serve as hydrogen acceptors and are reduced, by cleavage of the azo 
linkage, into one or two aromatic amines, free or substituted, according to their 
chemical constitution (Mayer l.c.). This observation has lately been confirmed 
by Stevenson, Dobriner and Rhoads (10). The various aromatic amines thus 
formed from azo-dyes behave like amines introduced directly into the body, and 
subsequently undergo the above-mentioned oxidative transformation into com-
pounds of quinone structure. The various steps involved in this transformation 
are shown in table 1. Thus, aromatic amines and certain azo-dyes ultimately 
yield the same metabolic transformation products, which explains the cross-
reactions observed in patients sensitive to furs, hair dyes, nylon stockings 
(Dobkevitch and Baer (11)), etc. Since, in all these cases of skin allergy, com-
pounds of quinone structure are the direct, active antigens, Mayer has designated 
these immunologically related hypersensitivities as "hypersensitivity to com-
pounds of quinone structure". 
According to Landsteiner (12), simple chemical substances, which include the 
aromatic amines and azo-dyes, are not complete antigens, but require, in order 
to become active, attachment to a carrier substance, generally a protein. In the 
case of the afore-mentioned quinone-imines, this attachment takes place readily. 
Indeed, most quinone derivatives possess, in contrast to the aromatic amines 
and azo-dyes from which they are derived, a great affinity for proteins, especially 
those rich in SH groups. Thus they combine, immediately upon their formation 
from aromatic amines or azo-dyes, with certain body constituents, as is evidenced 
by various color or precipitation reactions; and it is very likely that their high 
antigenicity is due to this combination of quinone compound8 with certain body 
constituents. 
THE CARCINOGENIC NATURE OF AROMATIC AMINES 
Since the aromatic amines and azo-dyes are involved in allergic reactions as 
well as in "aniline cancer", the question naturally arises as to whether the same 
mechanism of oxidation to compounds of quinone structure and their combination 
with certain body constituents might explain not only the antigenicity of aro-
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matic amines and azo-dyes, but also the initiation of cell proliferation and the 
development of malignant growths. 
The problem was approached in the follo·wing manner: Aromatic amines vary 
considerably in regard to chemical reactivity. Certain amines are readily oxi-
dized to quinone compounds, while others are resistant to oxidation, or form other 
I. Monoamines 
Aniline 
Methylaniline 
Dimethylaniline 
a-Naphthylamine 
/3-N aphthylamine 
III. Diamino-toluens 
2,4 Diamino-toluene 
2,5 Diamino-toluene 
V. Diamino-xylene 
2,5 Diamino 1,4 xylene 
TABLE 2 
A mines 
Azo Compounds 
I. Azobenzene 
Azotoluene 
II a. Phenylaminoazobenzene 
Aminoazobenzene 
Methylaminoazobenzene 
Dimethylaminoazobenzene 
Acetylaminoazobenzene 
Diacetylaminoazobenzene 
Phenylaminoazobenzene 
Oxyazobenzene 
II b. 8-Benzene-azo-1-naphthol 
8-Benzene-azo-1-naphthylamine 
8-Benzene-azo-2-naphthol 
8-Benzene-azo-2-naphthylamine 
o-Toluene-azo-o-toluene-azo-naphthol (scarlet red) 
II. Diamines 
a-Phenylenediamine 
m-Phenylenediamine 
v-Phenylenediamine 
IV. Diamino-phenols 
2,4 Diamino-phenol 
2, 5 Diamino-phenol 
2,6 Diamino-phenol 
oxidation products. On the other hand, various compounds of quinone struc-
ture, formed from amines, are not equally reactive. Most of these combine 
with certain proteins, phenols, sulfur groups, etc., while others, on the contrary, 
are unable to react in this way. In selecting representatives of these various 
groups of awmatic amines one could study and compare their actions as allergens 
upon the sensitized body and as carcinogens upon the normal epidermis. 
Such a comparison would be expected to throw considerable light on the re-
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lationship between the hypersensitiveness to compounds of quinone structure 
and aniline cancer. Indeed, if oxidation to quinone derivatives were necessary 
for the production of hypersensitivity and of cell proliferation, then only those 
aromatic amines and azo-dyes which are transformed by living cells into com-
pounds of quinone structure should act as antigens and induce epidermal pro-
liferations. On the other hand, all those amines and azo compounds which would 
not furnish, upon direct oxidation, substances of quinone structure, should be 
incapable of producing sensitization and atypical growth. Similarly, if the 
combination of quinones with cell proteins or other cell constituents were neces-
sary for this activity, then only those aromatic amines which form quinones 
capable of combining with these cell constituents should produce sensitization 
and cell proliferation. 
Mayer (13) injected oil solutions of various aromatic amines and azo-dyes un-
der the skin of the inner surface of the rabbit ear, as suggested by Fischer (I.e.). 
These substances, listed in table 2, were chosen from the various afore-mentioned 
groups. The injections, varying in number from one to six, were made at semi-
weekly intervals and the resulting proliferations were examined histologically 
at various periods. It was apparent from the results of these experiments that 
all those substances which readily formed compounds of quinone structure by 
oxidation, rapidly produced atypical proliferations of the epidermis, in many 
instances after only a single injection. On the contrary, all those substances 
which are unable to form quinone derivatives, as, for instance, meta-phenylene-
diamine or 2,4 diamino-toluene, were entirely or almost inactive under the same 
conditibns, producing slight epidermal changes only upon repeated injections. 
It was difficult to decide whether the cell proliferation produced by these latter 
compounds was a response to a non-specific irritation, or whether secondary 
tran::~formation of the slowly reacting substances had taken place. The oxida-
tive addition of OH groups, for example, could create the conditions necessary 
for the formation of quinone derivatives. 
When the antigenicity of the same substances was evaluated on sensitive 
patients, only those compounds capable of producing cell proliferations induced 
allergic skin reactions. 
MECHANISM OF ACTION 
The second question, whether all compounds of quinone structure formed 
from aromatic amines or azo-dyes within the body are capable of inducing epi-
dermal proliferations and sensitizations, or whether this activity is associated 
only with compounds able to combine with phenols, proteins and other specific 
chemical groups, was tested in the following manner: 
It has been known for a long time that simple quinone and quinone diimines 
are capable of combining with phenols, amino or sulfhydryl groups attached, for 
instance, to the protein molecule, to form compounds similar to anilido quinone. 
During fixation of various groups on the aromatic nucleus the quinones are re-
duced to the corresponding phenols and the quinone imines to the corresponding 
amines. Such a reaction takes place, for instance, when paraphenylenediamine 
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is used as a dye for human hair or furs, where the sulfhydryl groups in the keratin 
of hair and skin combine very readily with the quinone diimine formed from 
paraphenylenediamine by oxidants. The condensation product, firmly attached 
to the hair-substance, is then transformed into deeply-colored, often black 
polymerization products. 
Not all quinones react in this manner. According to Suida (14), only those 
quinones which contain an unsubstituted chain of 4 carbon atoms are capable of 
coupling in this manner, and quinones which lack such an unsubstituted carbon 
chain of 4 atoms are unable to combine. Paraphenylenediamine has two un-
substituted chains of 4 carbon atoms and therefore forms a quinone diimine highly 
susceptible to coupling with proteins. A substance such as 2, 5-diamino-1, 4-
xylene, on the contrary, does not have such an unsubstituted chain. Although 
it can easily be oxidized to 1 ,4-xylene-quinone-d.iimine, it is incapable of com-
bining to form anilidoquinone or similar substances, as does quinone diimine. 
If quinone compounds produced in the body from amines and azo-dyes act 
only when they combine with essential components of the cell, then 2,5-d.iamino-
1, 4-xylene should not produce atypical epidermal proliferation, as does para-
phenylenediamine; similarly, it should not give rise to positive skin reactions in 
paraphenylenediamine-sensitive patients. 
Indeed, 2,5-diamino-1 ,4-xylene, injected into the skin of rabbits, was in-
capable of producing cell-proliferation comparable to that induced by all other 
aromatic amines which form oxidation products able to combine with NH2, 
SHand other groups. Moreover, when tested on patients highly sensitive to 
paraphenylenediamine and scarlet red, this substance did not elicit any allergic 
skin reaction. 
These two results are very significant, for they strongly support the hypothesis 
that in both instances-sensitization as well as atypical cell proliferation pro-
duced by substances of quinone structure-the combination of the chemical 
agent with certain body constituents is the essential factor responsible for the 
pathologic processes. The results are not unexpected in the case of the allergic 
reaction since the problems of proteinic carrier substances and their antigenic 
role have been intensively discussed; but they do contribute a new aspect of the 
cancer problem. A direct connection between a carcinogenic chemical substance 
and a cell-constituent has been established and it seems probable to us that such 
a combination of the carcinogenic chemical with certain body substances is not 
only essential for the malignant growths produced by aromatic amines, but also 
for those produced by other carcinogens. Carcinogenic substances like pyrene 
derivatives and others may indeed be indirect carcinogens requiring metabolic 
transformation in order to become active; oxidation products of these substances, 
originating in the animal body, have, as a matter of fact, been isolated. 
It would, of course, be very interesting to determine which cell constituents 
couple with compounds of quinone structure to give rise to sensitizations and 
epithelial proliferations. Are the same "carriers" implicated in the production 
of antigenicity and cell-proliferations, .or are different carriers separately re-
sponsible for these widely varying reactions? An answer to this question un-
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doubtedly would give us valuable information concerning the mechanism of 
sensitization and cancer formation as well. It seems most likely, at least for the 
cell proliferation-inducing activity, that sulfhydryl-containing proteins play an 
important role, as suggested by the specific attraction which these aromatic 
amines have for the epidermal cells. An interesting observation supports this 
hypothesis. Upon the injection of very active azo-dyes-for instance, 4-amino 
azo-2-naphthylamine-into the unpigmented skin of the inner surface of the 
rabbit ear, deep black masses of round or irregular form were found in many 
areas of the basal cells of the epidermis, which thus appear to be bordered by an 
irregular chain of black pearls (Mayer ( 13)). Normally, this part of the skin 
shows very few pigmented cells, even in dark rabbits. There are many in-
dications that these black masses are not natural skin pigments, but metabolic 
transformation products formed from the injected dyes, and are probably poly-
merization products of quinone-diimine-SH-protein complexes, similar to those 
constituting the black color seen after dying hair and fur with paraphenylene-
diamine. This observation suggests that the oxidative transformations of the 
dye take place in the basal cells of the epidermis, where not only dopa-oxidase 
and other oxidative enzymes are accumulated, but where great amounts of re-
active cell constituents, especially proteins rich in sulfhydryl groups, are available 
for combination with the newly-formed quinone derivatives. 
Quinone imines and quinone diimines possess a strong avidity for coupling not 
only with proteins, but also with various nucleoproteids, producing marked color-
changes, particularly within the nuclei, when brought in contact with living or 
dead cells. The combination of quinone diimine and nucleoprotein (or desoxy-
nucleoproteid) may be observed in vitro when a deeply-colored polymerization 
product immediately forms after mixing both substances. In our opinion the 
coupling with nucleoproteids may play a most important role in the production 
of cancer by the various cancer-producing chemicals. 
In connection with the hypothesis that oxidative transformation and coupling 
with cell-constituents may also play a role in the production of malignant growth 
by N-free carcinogenetic substances such as pyrene or cholanthrene derivatives 
and others, there still remains unsettled the question as to whether benzo-quin-
ones are also carcinogenic. Certain results lead us to believe that this is the case. 
We have observed that quinone precursors such as polyphenols are potent sen-
sitizers and that ~-naphthol, for instance, produces very strong proliferations of 
the epidermis of rabbits. It is interesting to note in this connection that a 
theory of Stoltzenberg and Stoltzenberg-Bergius (15) indicts quinones accumu-
lated as a result of faulty metabolism, of being the cause of spontaneous cancer. 
No doubt many aspects of this complex question remain unsolved and many 
hypotheses await experimental substantiation. However, in reviewing the ex-
perimental findings thus far obtained, it appears probable that the cross-sensi-
tizations observed with certain aromatic amines and azo-dyes are produced 
because these compounds are transformed within the body into substances of 
quinone structure, which in turn combine with certain body constituents to 
form complex or full antigens. If such body constituents are essential building 
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materials of the cell and particularly of the cell nucleus and are important for 
the normal growth and multiplication of the cell, then their attachment to the 
compounds of quinone structure produces atypical cell proliferations. Why, in 
this case, the primarily benign proliferation is transformed under certain cir-
cumstances into a malignant growth is perhaps owing to still another unknown 
and independent mechanism. 
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